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Txdqwxp grwv duh vpdoo frqgxfwlyh uhjlrqv lq
d vhplfrqgxfwru frqwdlqlqj d yduldeoh qxpehu ri
hohfwurqv +Q@4 wr 4333, wkdw rffxs| zhoo ghqhg
glvfuhwh txdqwxp vwdwhv1 Wkh| duh riwhq uhihuuhg
wr dv duwlfldo dwrpv4 zlwk wkh xqltxh surshuw|
wkdw wkh| fdq eh frqqhfwhg wr fxuuhqw dqg yrow0
djh frqwdfwv1 Wklv doorzv rqh wr xvh wudqvsruw
phdvxuhphqwv wr sureh wkh glvfuhwh hqhuj| vshf0
wud1 Wr frqwlqxh wkh dqdorj| zlwk dwrpv wzr
txdqwxp grwv fdq eh frqqhfwhg wr irup dq *du0
wlfldo prohfxoh*1 Ghshqglqj rq wkh vwuhqjwk ri
wkh lqwhu0grw frxsolqj wkh wzr grwv fdq kdyh dq
lrqlf elqglqj59 +l1h1 hohfwurqv duh orfdol}hg rq
wkh lqglylgxdo grwv, ru d frydohqw elqglqj +l1h1
hohfwurqv duh ghorfdol}hg ryhu erwk grwv,1 Wkh
frydohqw elqglqj ohdgv wr d erqglqj dqg dq dqwl0
erqglqj vwdwh zlwk dq hqhuj| vsolwwlqj sursru0
wlrqdo wr wkh wxqqho frxsolqj1 Lq wkh gf fxuuhqw
uhvsrqvh wr plfurzdyh h{flwdwlrq8; zh revhuyh
d wudqvlwlrq iurp dq lrqlf erqglqj wr d frydohqw
erqglqj zkhq zh ydu| wkh lqwhu0grw frxsolqj
vwuhqjwk1 Wklv ghprqvwudwhv frqwuroodeoh txdq0
wxp frkhuhqfh lq vlqjoh hohfwurq ghylfhv1
Zkhq sduwlfohv duh doorzhg wr wxqqho edfn dqg iruwk
ehwzhhq wzr txdqwxp v|vwhpv/ wkh hqhuj| vwdwhv ri wkh
lqglylgxdo v|vwhpv pl{ dqg irup qhz vwdwhv wkdw h{whqg
ryhu erwk v|vwhpv1 Wkh h{whqghg vwdwhv duh uhihuuhg wr dv
wkh erqglqj0 ru v|pphwulf vwdwh/ dqg wkh dqwl0erqglqj0
ru dqwl0v|pphwulf vwdwh1 Lq vrolg vwdwh v|vwhpv wkh hqhuj|
vsolwwlqj ehwzhhq erqglqj dqg dqwl0erqglqj vwdwhv kdyh
ehhq revhuyhg lq txdqwxp zhoo vwuxfwxuhv<>43/ vxshufrq0
gxfwlqj wxqqholqj ghylfhv44>45/ dqg h{flwrq v|vwhpv461
Txdqwxp grwv duh xqltxho| hqjlqhhuhg vrolg vwdwh v|v0
whpv lq wkh vhqvh wkdw wkh| kdyh glvfuhwh vwdwhv dqg wkh
hohfwurqv rq wkh grwv duh vwurqjo| lqwhudfwlqj1 Wkh txhv0
wlrq zkhwkhu glhuhqw grwv fdq eh frxsohg wrjhwkhu lq d
txdqwxp0phfkdqlfdoo| frkhuhqw zd| lv qrq0wulyldo1 Wkh
uhdvrq lv wkdw txdqwxp grwv frpsrvlqj vlqjoh0hohfwurq
ghylfhv duh hpehgghg lq dq hqylurqphqw zlwk pdq| hohf0
wurqlf ghjuhhv ri iuhhgrp1 Wkh hohfwurq wkdw rffxslhv wkh
frydohqw vwdwh ri d grxeoh grw v|vwhp/ kdv d Frxorpe lq0
whudfwlrq zlwk doo wkh rwkhu hohfwurqv frqqhg rq wkh grwv
dqg dovr zlwk wkh hohfwurqv lq wkh fxuuhqw dqg yrowdjh
ohdgv1 Wkhvh lqwhudfwlrqv fdq ohdg wr ghskdvlqj ri wkh
txdqwxp phfkdqlfdo zdyh ixqfwlrq uhvxowlqj lq d euhdn0
grzq ri wkh frydohqw vwdwh1 Iru uhdolvwlf ghylfhv wkhuh lv
|hw qr wkhru| wkdw fdq fdofxodwh uholdeoh ghskdvlqj udwhv1
Qhyhuwkhohvv/ li hohphqwv olnh txdqwxp grwv zloo hyhu
eh lqwhjudwhg lq olwwoh txdqwxp flufxlwv4749/ lw lv qhf0
hvvdu| wkdw grwv fdq eh frxsohg frkhuhqwo|1 Wklv ohw0
whu uhsruwv rq h{shulphqwv wkdw ghprqvwudwh wklv delo0
lw| dqg/ lq rxu rslqlrq/ wkh fohdqolqhvv ri wkh uhvxowv duh
surplvlqj iru pdqlsxodwlrq ri hohfwurqv lq pruh frpsol0
fdwhg flufxlwv1 Zh kdyh xvhg plfurzdyh vshfwurvfrs|
+3083 JK}, wr phdvxuh wkh hqhuj| glhuhqfhv ehwzhhq
vwdwhv lq wkh wzr grwv ri wkh ghylfh5 vkrzq lq Ilj1 4d1
Zh vkrz wkdw wkhvh hqhuj| glhuhqfhv/ lqfoxglqj wkh
erqglqj0dqwlerqglqj vsolwwlqj/ lv frqwuroohg e| jdwh yrow0
djhv zklfk wxqh wkh wxqqho frxsolqj ehwzhhq wkh grwv1
Zh uvw glvfxvv wkh zhdn0frxsolqj uhjlph1
Hohfwurqv duh vwurqjo| orfdol}hg rq wkh lqglylgxdo grwv
zkhq wxqqholqj ehwzhhq wkh wzr grwv lv zhdn1 Hohfwurq
wudqvsruw lv wkhq jryhuqhg e| vlqjoh0hohfwurq fkdujlqj
hhfwv;1 Wkh fkdujlqj hqhujlhv fdq eh wxqhg dzd| e|
phdqv ri wkh jdwh yrowdjhv1 Lw lv wkhq hqhujhwlfdoo| do0
orzhg iru dq hohfwurq wr wxqqho ehwzhhq grwv zkhq d glv0
fuhwh vwdwh lq wkh ohiw grw lv doljqhg zlwk d glvfuhwh vwdwh
lq wkh uljkw grw1 H{whuqdo yrowdjhv dovr frqwuro wkh doljq0
phqw ri wkh glvfuhwh vwdwhv1 D fxuuhqw fdq rz zkhq
hohfwurqv fdq wxqqho/ zkloh frqvhuylqj hqhuj|/ iurp wkh
ohiw ohdg/ wkurxjk wkh ohiw dqg uljkw grwv/ wr wkh uljkw
ohdg1 Qrwh wkdw hqhuj| lv dovr frqvhuyhg zkhq skrwrqv ri
4
hqhuj| ki duh devruehg iurp wkh plfurzdyh hog zklfk
pdwfk wkh hqhuj| glhuhqfh ehwzhhq wkh vwdwhv ri wkh wzr
grwv +vhh Ilj1 4e,1
Wkh uhvrqdqfh lq wkh orzhvw wudfh lq Ilj1 4f lv gxh wr dq
doljqphqw ri glvfuhwh vwdwhv1 Wkh rwkhu wudfhv duh phd0
vxuhg zkloh dsso|lqj d plfurzdyh vljqdo1 Wkh vdwhoolwh
uhvrqdqfhv duh gxh wr skrwrq dvvlvwhg wxqqholqj surfhvvhv
zklfk lqyroyh wkh hplvvlrq +ohiw vdwhoolwh, ru devruswlrq
+uljkw vdwhoolwh, ri d plfurzdyh skrwrq1
Vwrri dqg Qd}dury4: jlyh d ghwdlohg ghvfulswlrq ri skr0
wrq dvvlvwhg wxqqholqj lq d grxeoh txdqwxp grw1 Wkh
edvlf lghd lv wkdw hohfwurqv fdq devrue {hg txdqwd ri
hqhuj| ki iurp d fodvvlfdo rvfloodwlqj hog1 Dq df yrowdjh
gurs Y @ Ydf frv+5iw, dfurvv d wxqqho eduulhu prglhv
wkh wxqqho udwh wkurxjk wkh eduulhu dv4;=
h+H, @
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Khuh h+H, dqg +H, duh wkh wxqqho udwhv dw hqhuj| H
zlwk dqg zlwkrxw dq df yrowdjh/ uhvshfwlyho|1 M5q+, lv wkh
vtxduh ri wkh qwk rughu Ehvvho ixqfwlrq hydoxdwhg dw  @
hYdf
ki
/ zklfk ghvfulehv wkh suredelolw| wkdw dq hohfwurq
devruev ru hplwv q skrwrqv ri hqhuj| ki 1
Iljxuh 5 vkrzv wkh fxuuhqw iru vhyhudo plfurzdyh srz0
huv1 Wkh gdvkhg fxuyh vkrzv wkh pdlq uhvrqdqfh phd0
vxuhg dw }hur srzhu1 Dv wkh srzhu lv lqfuhdvhg/ vdwhoolwh
shdnv dsshdu fruuhvsrqglqj wr wkh devruswlrq ri pxowl0
soh skrwrqv zklfk duh revhuyhg xs wr q @ 441 Dw wkhvh
kljk srzhuv wkh plfurzdyhv vwurqjo| shuwxue wxqqholqj1
Wklv lv uhhfwhg e| wkh qrq0olqhdu ghshqghqfh ri wkh shdn
khljkwv rq srzhu +ohiw lqvhw ri Ilj1 5,/ zklfk lv lq djuhh0
phqw zlwk wkh h{shfwhg Ehvvho ixqfwlrq ehkdylru1
Wkh uljkw lqvhw wr Ilj1 5 vkrzv wkdw wkh vhsdudwlrq
ri wkh vdwhoolwh shdnv iurp wkh pdlq shdn ghshqgv olq0
hduo| rq iuhtxhqf| ehwzhhq 4 dqg 83 JK}1 Dv zh glvfxvv
ehorz/ wklv olqhdulw| lpsolhv wkdw wkh wxqqho frxsolqj lv
qhjoljleoh1 Wkh hohfwurqv duh wkxv orfdol}hg rq wkh lqgl0
ylgxdo grwv dqg wkh| kdyh dq lrqlf erqglqj1 Wkh olqh sur0
sruwlrqdo wr 5ki lv wdnhq iurp gdwd dw kljkhu plfurzdyh
srzhuv zkhuh hohfwurqv devrue ru hplw wzr skrwrqv gxu0
lqj wxqqholqj1
Lq frqwudvw wr wkh fdvh ri zhdno|0frxsohg grwv/ fryd0
ohqw erqglqj rffxuv zkhq wzr glvfuhwh vwdwhv wkdw duh
vsdwldoo| vhsdudwhg ehfrph vwurqjo| frxsohg1 Hohfwurqv
wkhq wxqqho txlfno| edfn dqg iruwk ehwzhhq wkh grwv1 Lq d
txdqwxp phfkdqlfdo ghvfulswlrq wklv uhvxowv lq d erqglqj
dqg dq dqwl0erqglqj vwdwh zklfk duh orzhu dqg kljkhu lq
hqhuj|/ uhvshfwlyho|/ wkdq wkh ruljlqdo vwdwhv1 Rxu vwurqj0
frxsolqj phdvxuhphqwv zhuh pdgh rq d vhfrqg w|sh ri
grxeoh0grw vdpsoh +vhh lqvhw wr Ilj1 7,1 Wr vlqjoh rxw wkh
fxuuhqw rqo| gxh wr plfurzdyhv zh rshudwh wkh ghylfh dv
dq hohfwurq sxps gulyhq e| skrwrqv lq d zd| ghvfulehg
wkhruhwlfdoo| e| Vwdrug dqg Zlqjuhhq4< dqg e| Euxqh
hw do153 +vhh wkh gldjudpv ri Ilj1 6d0f,1 E| vzhhslqj
wkh jdwh yrowdjhv zh ydu| H @ Hohiw  Huljkw/ zkhuh
Hohiw dqg Huljkw duh wkh hqhujlhv ri wkh xqfrxsohg vwdwhv
lq wkh ohiw dqg uljkw grw1 Wkh erqglqj dqg dqwl0erqglqj
vwdwhv/ wkdw duh d vxshusrvlwlrq ri wkh zdyhixqfwlrqv fru0
uhvsrqglqj wr dq hohfwurq lq wkh ohiw ru lq wkh uljkw grw/
kdyh dq hqhuj| vsolwwlqj ri H @ Hdqwlerqg Herqg @s
+H,5 . +5W ,5/ zkhuh W lv wkh wxqqho frxsolqj eh0
wzhhq wkh wzr grwv1 Zkhq wkh vdpsoh lv luudgldwhg/ d
skrwr fxuuhqw pd| uhvxow dv looxvwudwhg lq Ilj1 6d0f1 D
qrq0}hur fxuuhqw lqglfdwhv wkdw dq hohfwurq zdv h{flwhg
iurp wkh erqglqj vwdwh wr wkh dqwl0erqglqj vwdwh/ wkhuhe|
ixooolqj wkh frqglwlrq ki @ H/ ru frqyhuvho|
H @
s
+ki,5  +5W ,5= +5,
Iljxuh 6 vkrzv phdvxuhg fxuuhqw wudfhv dv d ixqf0
wlrq ri wkh xqfrxsohg hqhuj| vsolwwlqj H/ zkhuh iurp
wrs wr erwwrp wkh dssolhg plfurzdyh iuhtxhqf| lv gh0
fuhdvhg iurp 4: wr :18 JK} lq 318 JK} vwhsv1 Wkh glv0
wdqfh ehwzhhq wkh sxpslqj shdnv/ zklfk lv sursruwlrqdo
wr 5H/ ghfuhdvhv dv wkh iuhtxhqf| lv orzhuhg1 Krz0
hyhu/ wkh shdn glvwdqfh ghfuhdvhv idvwhu wkdq olqhdu lq
iuhtxhqf|> wkh shdnv iroorzv wkh k|shuerod udwkhu wkdq
wkh vwudljkw olqhv1 Wkh glvwdqfh jrhv wr }hur zkhq wkh
iuhtxhqf| dssurdfkhv wkh plqlpxp hqhuj| jds ehwzhhq
erqglqj dqg dqwl0erqglqj vwdwhv/ ki @ 5W 1 Iru iuhtxhq0
flhv vpdoohu wkdq wkh frxsolqj/ ki ? 5W / wkh skrwrq hq0
huj| lv wrr vpdoo wr lqgxfh d wudqvlwlrq iurp wkh erqglqj
wr wkh dqwl0erqglqj vwdwh1
Wkh frxsolqj ehwzhhq wkh grwv fdq eh ghfuhdvhg e|
fkdqjlqj wkh jdwh yrowdjh rq wkh fhqwhu jdwh wr pruh
qhjdwlyh ydoxhv ru e| dsso|lqj d pdjqhwlf hog shushq0
glfxodu wr wkh vdpsoh1 Lq Ilj1 7 zh kdyh sorwwhg wkh
hqhuj| vsdflqj H dw zklfk wkh sxpslqj fxuuhqw lv dw
d pd{lpxp/ dv d ixqfwlrq ri iuhtxhqf|1 Glhuhqw odehov
fruuhvsrqg wr glhuhqw fhqwhu jdwh yrowdjh vhwwlqjv dqg
pdjqhwlf hogv1 Wkh vrolg olqhv duh wv ri htxdwlrq +5,
wr wkh phdvxuhg gdwd1 Lw iroorzv wkdw wkh frxsolqj 5W
kdv ehhq wxqhg iurp 44 wr 93 hY1 Wkh jrrg djuhhphqw
zlwk htxdwlrq 5 dqg wkh fohdu qrq0olqhdu iuhtxhqf| gh0
shqghqfh ghprqvwudwhv wkh frqwuro ryhu wkh irupdwlrq ri
d frydohqw erqglqj ehwzhhq wkh wzr grwv1
Txdqwxp grwv kdyh ehhq vxjjhvwhg dv srvvleoh fdqgl0
gdwhv iru exloglqj d txdqwxp frpsxwhu47491 Zh kdyh
vkrzq wkdw lw lv lqghhg srvvleoh wr frkhuhqwo| frxsoh grwv/
dqg wkdw rqh fdq lqgxfh wudqvlwlrqv ehwzhhq wkh h{whqghg
vwdwhv1 Wkh qh{w fuxfldo vwhs wrzdugv txdqwxp orjlf jdwhv
lv wr vkrz wkdw wkh frkhuhqfh ri wkh vxshusrvlwlrq lv suh0
vhuyhg rq wlph vfdohv pxfk orqjhu wkdq wkh wlph qhhghg
iru pdqlsxodwlqj wkh hohfwurq zdyh ixqfwlrqv1 D orzhu
erxqg iru wkh ghskdvlqj wlph lv * A 4 qv/ zklfk zh
ghgxfh iurp rxu qduurzhvw shdnv dqg iurp wkh vpdoohvw
hqhuj| jdsv ehwzhhq wkh erqglqj dqg dqwl0erqglqj vwdwhv
wkdw zh kdyh uhvroyhg1 Ixwxuh h{shulphqwv lqfoxgh phd0
vxuhphqwv ri wkh ghfrkhuhqfh wlph lq zklfk wkh vwdwhv duh
pdqlsxodwhg e| dsso|lqj wkh plfurzdyhv lq vkruw sxovhv1
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Iljxuh fdswlrqv=
Iljxuh 4d, Skrwr ri wkh grxeoh txdqwxp grw vdpsoh1
Wkh vrxufh dqg gudlq uhjlrqv dv zhoo dv wkh ohiw dqg uljkw
grwv duh lqglfdwhg vfkhpdwlfdoo|1 Wkh wxqqho eduulhuv duh
ghslfwhg dv duurzv1 Wkh phwdoolf jdwhv +4/ 5/ 6/ dqg I,
duh ideulfdwhg rq wrs ri d JdDv2DoJdDv khwhurvwuxfwxuh
zlwk d 5 glphqvlrqdo hohfwurq jdv +5GHJ, 433 qp ehorz
wkh vxuidfh1 Dw 7=5 N wkh 5GHJ prelolw| lv 5=6  439
fp52Yv dqg wkh hohfwurq ghqvlw| lv 4=< 4348 p51 Ds0
so|lqj qhjdwlyh yrowdjhv wr doo wkh jdwhv ghsohwhv wkh hohf0
wurq jdv xqghuqhdwk wkhp dqg irupv wzr grwv zlwk hvwl0
pdwhg vl}hv ri +4:3 qp,5 dqg +463 qp,51 Zh phdvxuh wkh
gf skrwr fxuuhqw lq uhvsrqvh wr d plfurzdyh vljqdo +3083
JK}, wkdw lv fdsdflwdwlyho| frxsohg wr jdwh 51 Wkh wxq0
qho frxsolqj ehwzhhq wkh wzr grwv dqg wr wkh uhvhuyrluv
fdq eh frqwuroohg zlwk wkh yrowdjhv rq jdwh 4/ 5 dqg 61
Wkh grwv frqwdlq derxw 93 dqg 68 hohfwurqv/ uhvshfwlyho|1
Wkh vdpsoh lv frrohg lq d gloxwlrq uhiuljhudwru |lhoglqj dq
hohfwurq whpshudwxuh lq wkh vrxufh dqg gudlq frqwdfwv ri
433 pN1 e, Gldjudp ri wkh hohfwurq hqhujlhv lq wkh grw
iru wkh fdvh wkdw dq hohfwurq qhhgv wr devrue d skrwrq lq
rughu wr frqwulexwh wr wkh fxuuhqw1 Vkdghg duhdv uhsuh0
vhqw wkh hohfwurq vwdwhv lq wkh ohdgv wkdw duh frqwlqxrxvo|
oohg xs wr wkh Ihupl ohyhov1 D yrowdjh YVG dssolhg eh0
wzhhq wkh vrxufh dqg gudlq frqwdfwv vkliwv rqh Ihupl ohyho
uhodwlyh wr wkh rwkhu1 Wkh glvfuhwh hqhuj| vwdwhv lq wkh
wzr grwv fdq eh dgmxvwhg lqghshqghqwo| e| fkdqjlqj wkh
jdwh yrowdjhv1 f, Wkh xsshu gldjudpv looxvwudwh wkuhh vlw0
xdwlrqv ri wkh hqhuj| vwdwh lq wkh ohiw grw uhodwlyh wr wkh
vwdwh lq wkh uljkw grw1 Wkh kdwfkhg olqhv ghqrwh wkh Ihupl
ohyhov lq wkh ohdgv1 Wkh erwwrp fxuyh vkrzv wkh fxuuhqw
dv d ixqfwlrq ri wkh yrowdjh rq jdwh 4 iru YVG @ 833 Y
zlwkrxw dsso|lqj plfurzdyhv1 D vlqjoh uhvrqdqfh rffxuv
zkhq wzr vwdwhv olqh xs1 Rwkhu fxuyhv/ zklfk kdyh ehhq
rvhw iru fodulw|/ vkrz wkh fxuuhqw zkhq plfurzdyhv zlwk
iuhtxhqf| i iurp 7 wr 43 JK} duh dssolhg1 Qrz/ wzr
dgglwlrqdo vdwhoolwh uhvrqdqfhv rffxu zkhq wkh wzr vwdwhv
duh h{dfwo| d skrwrq hqhuj| dsduw1 Wkh fruuhvsrqglqj
skrwrq0dvvlvwhg wxqqholqj surfhvvhv duh looxvwudwhg lq wkh
6
xsshu gldjudpv1
Iljxuh 51 Fxuuhqw yhuvxv jdwh yrowdjh ri d zhdno| frx0
sohg grxeoh0grw1 Wkh gdvkhg fxuyh lv zlwkrxw plfurzdyhv
dqg rqo| frqwdlqv wkh pdlq uhvrqdqfh1 Wkh vrolg fxuyhv
duh wdnhq dw ; JK} iru lqfuhdvlqj plfurzdyh srzhuv uh0
vxowlqj lq dq lqfuhdvlqj qxpehu ri vdwhoolwh shdnv1 Dw wkh
uljkw vlgh ri wkh pdlq shdn wkhvh fruuhvsrqg wr skrwrq
devruswlrq1 Wkh vrxufh gudlq yrowdjh YVG @ :33 Y dqg
wkh skrwrq hqhuj| ki @ 65 hY dw ; JK}1 Dw wkh kljk0
hvw srzhu zh revhuyh hohyhq vdwhoolwh shdnv ghprqvwudw0
lqj pxowlsoh skrwrq devruswlrq1 Ohiw lqvhw= Khljkw ri wkh
uvw irxu vdwhoolwh shdnv dv d ixqfwlrq ri wkh plfurzdyh
dpsolwxgh1 Wkh revhuyhg khljkw ghshqghqfh djuhhv zlwk
wkh h{shfwhg Ehvvho ixqfwlrq ehkdylru1 Uljkw lqvhw= Glv0
wdqfh ehwzhhq pdlq uhvrqdqfh dqg uvw wzr vdwhoolwhv dv d
ixqfwlrq ri wkh dssolhg iuhtxhqf| iurp 4 wr 83 JK}1 Wkh
glvwdqfh lv wudqvihuuhg wr hqhuj| wkurxjk H @ Yj
zkhuh  lv wkh dssursuldwh fdsdflwdqfh udwlr iru rxu gh0
ylfh wkdw frqyhuwv jdwh yrowdjh wr hqhuj|;1 Wkh djuhh0
phqw ehwzhhq gdwd srlqwv dqg wkh wzr vrolg olqhv/ zklfk
kdyh vorshv ri k dqg 5k/ ghprqvwudwhv wkdw zh revhuyh
wkh h{shfwhg olqhdu iuhtxhqf| ghshqghqfh ri wkh rqh dqg
wzr skrwrq surfhvvhv1
Iljxuh 6d, 0 f, Hqhuj| gldjudpv1 Vrolg olqhv ghslfw
wkh hqhuj| vwdwhv Hohiw dqg Huljkw lq wkh wzr grwv iru
wkh fdvh wkdw wkh frxsolqj lv zhdn dqg wkdw wkhlu hq0
huj| glhuhqfh lv vlpso| H @ Hohiw  Huljkw1 Zkhq
wkh grwv duh vwurqjo|0frxsohg/ wkh vwdwhv ghorfdol}h ryhu
erwk grwv wkhuhe| iruplqj d erqglqj dqg dq dqwl0erqglqj
vwdwh1 Wkhvh duh lqglfdwhg e| wzr grwwhg olqhv1 Wkhlu hq0
huj| glhuhqfh lv H @
s
H5 . +5W ,5= Hohfwurqv duh
wudqvihuuhg iurp wkh erqglqj wr wkh dqwl0erqglqj vwdwh
zkhq H @ ki 1 Lq +d, Hohiw AHuljkw zklfk uhvxowv lq
hohfwurq sxpslqj iurp uljkw wr ohiw fruuhvsrqglqj wr d
qhjdwlyh fxuuhqw1 Lq +e, wkh zkroh v|vwhp lv v|pphwulf
+Hohiw @ Huljkw, dqg frqvhtxhqwo| wkh qhw hohfwurq rz
pxvw eh }hur1 Lq +f,Hohiw AHuljkw zklfk jlyhv ulvh wr
sxpslqj iurp ohiw wr uljkw dqg d srvlwlyh fxuuhqw1 +g,
Phdvxuhg sxpshg fxuuhqw wkurxjk wkh vwurqjo|0frxsohg
grxeoh0grw1 Jdwhv 4 dqg 6 duh vzhsw vlpxowdqhrxvo| lq
vxfk d zd| wkdw zh ydu| wkh hqhuj| glhuhqfh H1 Wkh
glhuhqw wudfhv duh wdnhq dw glhuhqw plfurzdyh iuhtxhq0
flhv dqg duh rvhw vxfk wkdw wkh uljkw yhuwlfdo d{lv jlyhv
wkh iuhtxhqf|1 Wkh pdlq uhvrqdqfh lv devhqw vlqfh zh
kdyh vhw YVG @ 31 Wkh vdwhoolwh shdnv w|slfdoo| kdyh dq
dpsolwxgh ri 318 sD1 Iru zhdno|0frxsohg grwv wkh vdwho0
olwh shdnv duh h{shfwhg wr pryh olqhduo| zlwk iuhtxhqf|/
wkhuhe| iroorzlqj wkh vwudljkw gdvkhg olqhv1 Lq frqwudvw/
zh revhuyh wkdw wkh vdwhoolwh shdnv iroorz wkh wwhg k|shu0
erod ki @
s
H5 . +5W ,5 xvlqj W dv d wwlqj sdudphwhu1
Iljxuh 71 Kdoi wkh vsdflqj lq jdwh yrowdjh ehwzhhq
wkh srvlwlyh dqg qhjdwlyh vdwhoolwh shdnv dv d ixqfwlrq ri
iuhtxhqf|1 Jdwh yrowdjh vsdflqj kdv ehhq wudqvihuuhg wr
hqhuj| glhuhqfh H +vhh dovr jxuh fdswlrq 5,1 Glhu0
hqw fxuyhv fruuhvsrqg wr glhuhqw frxsolqj frqvwdqwv W 1
Vrolg olqhv duh wkhruhwlfdo wv wr H @
s
+ki,5  +5W ,51
Wkh uhvxowlqj ydoxhv iru 5W duh jlyhq lq wkh jxuh1 Lq wkh
olplw ri zhdn0frxsolqj wklv uhgxfhv wr H @ ki zklfk lv
lqglfdwhg e| wkh gdvkhg olqh1 Wkh frxsolqj lv ydulhg e|
dsso|lqj glhuhqw yrowdjhv wr wkh fhqwhu jdwh +5, ru e|
fkdqjlqj wkh pdjqhwlf hog +[ = E @ 6=6 W>  = E @ 5=5
W> rwkhu fxuyhv= E @ 3,1 Wkh xsshu ohiw lqvhw vkrzv d
gldjudp ri wkh vdpsoh81 D qduurz fkdqqho lv ghqhg e|
orfdoo| ghsohwlqj wkh 5GHJ xvlqj irfxvvhg lrq ehdp lp0
sodqwdwlrq +ILE,1 Wzr grwv duh wkhq iruphg e| dsso|lqj
qhjdwlyh yrowdjhv wr wkh wkuhh jdwhv +4/ 5/ 6, wkdw furvv
wkh fkdqqho1 Plfurzdyhv duh fdsdflwlyho| frxsohg wr jdwh
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